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® Transmitter-receiver having ear-piece type acoustic transducing part 

© Ear-piece type acoustic transducing part is provided with a bone-conducted sound pickup microphone for 
picking up a bone-conducted sound, a directional microphone for picking up an air-conducted sound and an 
electro-acoustic transducer for transducing a received speech signal to a received speech sound. A transmitting, 
receiving circuit connected to the acoustic transducing part includes: a low-pass filter which permits the passage 
therethrough of low-frequency components in a bone-conducted sound signal from the bone-conducted sound 
pickup microphone; a high-pass filter which permits the passage therethrough of high-frequency components in 
an air-conducted sound signal from the directional microphone; first and second variable loss circuits which 
impart losses to the outputs from the low-pass filter and the high-pass filter, respectively; a comparison/control 
circuit wh,ch compares the output levels of the low-pass filter and the high-pass filter with predetermined first 
and second reference levels, respectively, and based on the results of comparison, controls losses that are set 
in the first and second variable loss circuits; and a combining circuit which combines the outputs from the first 
and second variable loss circuits into a speech sending signal. 



ISDOCIO: <EP_0683621A2J_> 



Rank Xerox (UK) Business Services 

13.10/3.09/3.3.41 



EP 0 683 621 A2 




EP 0 683 621 A2 



TECHNICAL FIELD 



t ra nl PreSe 1 I™ °" re,at6S t0 3 transmitter-receiver which comprises an ear-piece type acoustic 
transduc.ng part hav.ng a microphone and a receiver formed as a unitary structure and a transmittinq- 
recemng , c.rcu.t connected to the acoustic transducing part and which permits hands-free communications. 
More particularly, the invention pertains to a transmitter-receiver which has an air-conducted sound pickup 
microphone and a bone-conducted sound pickup. 

BACKGROUND OF THE INVENTION 
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! y ; t f' S ° f transmitter-receiver employs, as its ear-piece or ear-set type acoustic 
transducing part. (1) means which picks up vibrations of the skull caused from talking sound by an 
acceleration p.ckup set in the auditory canal (which means will hereinafter be referred to also as a bone- 
conducted sound pickup microphone and the speech sending signal picked up by this means will 

" r&i Tr t0 3 r 3 " b0ne - conducted «— ^naP) or (2) me'ans which guides a speech" 

talkmg sound as vibrations of a,r by a sound pickup tube extending to the vicinity of the mouth and picks up 
the sound by a m.crophone set on an ear (which means will hereinafter be referred to also as an air- 
conducted sound pickup microphone and the speech sending signal picked up by this means will 
hereinafter be referred to as an "air-conducted sound signal") 

20 r^SSL' C0 " vent '° nal transmitter-receiver of the type which sends speech through utilization of bone 
" d ^° ! adv «fageous in that it can be used even in a high-noise environment and permits hands-free 
dTsTZ^nlT* tZ 0 ™,- f t : ansmitte " eceiv er is not suited to ordinary communications because of its 
pST f T t ntV ° f articulation of the transmitted speech is so low that the listener cannot 
easily identify the talker, that the clarity of articulation of the transmitted speech greatly varies from person 

sounder h°: z° ; rd ? to ; he t. of setting the acoustic transdudna pa « ° n - ~- ^ *? 

sound as by the fnction of cords ,s also picked up. On the other hand, the transmitter-receiver of the type 
hl'S 3 3 k CO t nduCbon ' s more excellent Parity than the above but has defects that it is inconvenient to 
handle when the sound p,ckup tube is long and that the speech sending signal is readily affected by 
ambient noise when the tube is short. «"«*-wu uy 

30 h fl nI he h a a i r " CO f nd ^ Cted »K? n K PiCkUP microphone picks U P sou "°s having propagated through the air. and 
" 3 featU ? that the t0ne qua "' ty ° f the P icked - u P speech si 9" a 's relatively good but is easily 
USSSfr T^*?!** bone - conducte d sound pickup microphone picks up a talker's vocal sounJ 

LaTh l° U9 , *? f " ' ^ *" S6t 3nd henCe haS a feature that the tone quality of the picked-up 
speech s gnal is relatively low because of large attenuation of components above 1 to 2 KHz but that the 

35 s S e e dinr,T a iS : elatiVe, ,r fr0m "» inf,uence of "*••"« noise - A * • transmitter-receiver assemWy for 
send.ng excellent speech (acoustic) signals through utilization of the merits of such air-conducted sound 

Soi P R m 'T , ° ne " COndUCted S0Und Pickup Aerophone, there is disclosed in Japanese Utility 

bv I! HZl ? ; pp,,Ca ;° n Laid - 0pen No - 206393/8 9 a device that mixes the speech signal picked up 

<. ssssssss? p p m,crophone and the speech si9nai picked up by *• bon ~ted P 

rnn f^" 9 to this davice " the speech signals from the bone conduction type microphone and the air 

freouencv oTtoTZ T T T * 3 '° W ' PaSS and 3 hi 9 h - pass fi,ter which hav * • cutoff 

SSTS^J- ? * t0 Vanable attenuators and combined be a mixer into a speech sending 

signal. w,th th.s configuration, low-frequency noises in the output from the air conduction type microphone 

hther 2 „ r CUt0ft freqU ! nCy remOVed ' and » iS P0Ssib,e to remova « cance, components 

h.gher *.an the cutoff frequency ,n the noise which the bone conduction type microphone is likely to pick 
up such as frictiona. noise by the friction between a cord extending from The ear sefand the human body 
me il ZoaTZ tha wind b, °7 n 9 a 9 a '"st the ear set. Moreover, in a high-noise environment 

Tnn^J 3 T P T, d ' n9 S ' 9nal C3n be improved by decreasing the attenuation of the bone- 

sional f om thet^?^? T "V™ the attenuati0n of the -r-conducted sound 

signal from the high-pass filter through manual control. 

m J" iS ? n ; 9 " rati0n * h0wever - when the level of noi^ trom the air-conducted sound pickup 
".I 9 qU6nCy COmponents hi 9 her than the cutoff frequency need to be appreciably 

TZZTu PU T Se ° f attenuatin 9 0,6 nois * "* consequently, the speech sending signa. is 

in Sne oul C ° T "2 ° f !" bon ~ onductod sound «9" a « components. anS hence is extremely low 
I?"! 9 h L T' ^ attenuation contro1 bv the variable attenuator is manually effected by an ear 

alZL ? USe t r m0nit ° r 0,6 SPe6Ch Sendi " 9 Si 9 na,; hence ' il is alm °st impossible to set the 

attenuation to the opfmum value under circumstances where the amount of noise varies Furthermore, it is 
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SUMMARY OF THE INVENTION 

the amount of sound) to send speech of the ^ ™^*>- Qfesent jnvention is constructed so that it 

conducted sound pickup microphone wh.ch ^ e ^^.^^^^^ f n the air-conducted 
fitter which permits the passage therettuough JjJJ^^^^SLSS^ cutoff frequency; first and 
sound from the direction m.crophone ^J^^^J^ tne low . pa ss filter and the high-pass 
second variable loss circuits wh.ch .mpart tosses Jo t fro m the P and 

sin* and tneens tor ~~f s ^ ST^Z ~ - « 

— *e coined ou*u, =9 ejected — ^™r u c ted so M . 

permits the P^«*^ a combining circuit which 

HM^M rtow^rand the high-pass «Ker into . speecn sending sign,; and 
40 means for supplying the received speech signal to *e jnventjon be 

levels of the speech sendtng stgnal and the rented speech «g P ^ ^ 
,5 son/control circuit which ^"^'Tf? Jf^J ^ Be )ourth liable loss circuit with 

^r,: zzzzzz, - . - — - — 

« iosses «. ere*, in the *MJ- «h ^pTmTlon is contracted so the. » 
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level to generate a speech sending signal. 

The transmitter-receiver according to the third aspect of the invention may be constructed so that the 
comparison/control means includes means for holding a relationship between the ambient noise level and at 
least the level of the air-conducted sound signal in non-talking states and that the comparison/control means 
5 obtains, as said estimated noise level, a noise level corresponding to the level of the air-conducted sound 
s.gnal during the use of said transmitter-receiver based on said relationship, compares the estimated noise 
level with the above-mentioned threshold value, and generates the control signal on the basis of the result 
of comparison. 

The transmitter-receiver according to the third aspect of the invention may also be constructed so that 
io the comparison/control means includes means for holding a relationship between the ambient noise level 
and at least the level of the air-conducted sound signal in the talking state and that the comparison/control 
means obtains, as said estimated noise level, a noise level corresponding to the level of the air-conducted 
sound s.gnal during the use of said transmitter-receiver based on said relationship, compares the estimated 
no.se level with the threshold value, and generates the control signal on the basis of the result of 
75 comparison. 

The transmitter-receiver according to the third aspect of the invention may also be constructed so that 
he comparison/control means includes means for holding a first relationship between the ambient noise 
level and at least the level of the air-conducted sound signal in the non-talking state and a second 
relationship between the ambient noise level and at least the level of the air-conducted sound signal in the 

20 talking state and that the comparison/control means compares the level of the received speech signal and 
at least one of the level of the air-conducted sound signal and the level of the bone-conducted sound signal 
during the use of the transmitter-receiver with predetermined first and second reference level values 
respectively, to determine if the transmitter-receiver is in the talking or listening state, and based on the first 
or second relationship corresponding to the result of determination, obtains, as said estimated noise level a 

25 noise level corresponding to at least the level of the air-conducted sound signal, then compares the 
estimated noise level with the threshold value, and generates the control signal on the basis of the result of 
comparison. 

The transmitter-receiver according to the third aspect of the invention may also be constructed so that it 
further comprises first and second signal dividing means for dividing the air-conducted sound signal and the 
30 bone-conducted sound signal into pluralities of frequency bands, that the speech sending signal generating 
means includes a plurality of signal mixing circuits each of which is supplied with the air-conducted sound 
signa and the bone-conducted sound signal of the corresponding frequency band from the first and second 
signal dividing means and mix them in accordance with a band control signal and a signal combining circuit 
which combines the outputs from the plurality of signal mixing circuits and outputs the combined signal as 
as the speech sending signal, and that the comparison/control means are supplied with the air-conducted 
sound signals of the corresponding frequency bands from at least the first signal dividing means, estimates 
the amb.ent noise levels of the respective frequency bands from at least the air-conducted sound signals of 
the corresponding frequency bands, then compares the estimated noise levels with a plurality of threshold 
values predetermined for the plurality of frequency bands, respectively, and generates the band control 
to signals on the basis of the results of comparisons. 

The transmitter-receiver according to the third aspect of the invention may also be constructed so that it 
further comprises a directional microphone and an omnidirectional microphone as the air-conducted sound 
pickup microphone means and noise suppressing means, and that the noise suppressing means outputs 
the signal from the omnidirectional microphone as the air-conducted sound signal representing a noise 
signal during the silent and the listening state and, during the talking state, combines the signals from the 
directional microphone and the omnidirectional microphone and outputs the combined signal as the air- 
conducted sound signal with noise suppressed or canceled therefrom. 

As described above, according to the first aspect of the present invention, a bone-conducted sound 
composed principally of low-frequency components and an air-conducted sound composed principally of 
high-frequency components are mixed together to generate the speech sending signal and the ratio of 
mixing the sounds is made variable in accordance with the severity of ambient noise or an abnormal sound 
picked up by the bone-conducted sound pickup microphone; therefore, it is possible to implement the 
transmitter-receiver which makes use of the advantages of the conventional bone-conduction communica- 
tion device that it can be used in a high-noise environment and permits hands-free communications and 
55 which, a the same time, obviates the defects of the conventional bone-conduction communication device 
such as low articulation or clarity of speech and discomfort by abnormal sounds 

According to the second aspect of the present invention, it is possible to efficiently cancel the noise 
component in the air-conducted sound by the noise component from the omnidirectionnaJ microphone and 
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to effectively prevent how.ing which results from the coupling the speech sending signal and the received 

speech signal. i™ Dn tinn an estimated value of the ambient noise level is 

According to the third aspect of the present nvent.on "m!Z!*x e basis of the result of comparison, 
compared with a thresho.d va.ue, then e . control ^ ^^S^^S^ ^ bone-conducted" sound 

regardless of whether the device is in the talking or listening atate. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig , i, a sectional view illustrating the configuration of an acoustic transducing per. fo, use in e first 

£tS X^CSng m. eharacferisucs of a dlrecuona, nricrophone and an ornnidirection,, 

£££ StTune mL sound ? na, ir , ». «*, or douO,.«ng safe; 

35 analog circuit. 

INSCRIPTION OF THE PREFERRED EM BODIMENTS 

m Rc 1 there is schematically illustrated the configuration of an ear-piece type acoustic transducing 

liffillfps 

T^n^rSrrr^^^^^ no f which hae sound 
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T c and T 0 connected via the lead wires 18 to the directional microphone 15, the bone-conduction sound 
microphone 14, the receiver 17 and the omnidirectional microphone 16, respectively. 

In Fig. 2 there is shown in block form the configuration of the transmitting-receiving circuit 20 which is 
connected to the acoustic transducing part 10 exemplified in Fig. 1. In Fig. 2 terminate T A , T B> T c and T D 
5 are connected to those T A , T B , T c and T D in Fig. 1, respectively. 

Reference numeral 21 B denotes an amplifier for amplifying a bone-conduction sound signal from the 
bone-conduction sound microphone 14, and 21 A an amplifier for amplifying an air-conduction sound signal 
from the directional, air-conduction sound microphone 15. The gains of the amplifiers 21 B and 21 A are 
preset so that their output speech signal levels during a no-noise period are of about the same order at the 
w inputs of a comparison/control circuit 24 described later. Reference numeral 21 U denotes an amplifier which 
amplifies a noise signal from the noise detecting omnidirectional microphone 16 and whose gain is preset 
so that its noise output during a silent period becomes substabitally the same as the noise output level of 
the amplifier 21 A in a noise suppressor circuit 23 described later. The amplifiers 21 A and 21 B and the noise 
suppressor circuits 23 constitute a noise suppressing part 20N. The noise suppressor circuit 23 substan- 
i5 tially cancels the noise signal by adding together the outputs from the amplifiers 21 A and 21 U after putting 
them 180 • out of phase to each other. 

Reference numeral 22B denotes a low-pass filter (LPF), which may preferably be one that approximates 
characteristics inverse to the frequency characteristics of the bone-conduction sound microphone used; but 
it may be a simple low-pass filter of a characteristic such that it cuts the high-frequency components of the 
20 output signal from the amplifier 21 B but passes therethrough the low-frequency components, and its cutoff 
frequency is selected within the range of 1 to 2 KHz. Reference numeral 22A denotes a high-pass filter 
(HPF), which may preferably be one that approximates characteristics inverse to the frequency characteris- 
tics of the directional microphone 15; but it may be a simple high-pass filter of a characteristic such that it 
cuts the low-frequency components of the output signal from the noise suppressor circuit 23 and passes 
25 therethrough the high-frequency components, and its cutoff frequency is selected within the range of 1 to 2 
KHz. 

CThe directional microphone 15 and the omnidirectional microphone 16 bear such a relationship of 
sensitivity characteristic that the former has a high sensitivity within a narrow azimuth angle but the latter 
substantially the same in all directions as indicated by ideal sensitivity characteristics 15S and 16S in Fig. 
30 3, respectively. Then, assuming that the ambient noise level is the same in any directions and at any 
positions, and letting the total amount of noise energy per unit time applied to the omnidirectional 
microphone 16 from all directions be represented by the surface area N y of a sphere with a radius r, the 
noise energy per unit time applied to the directional microphone 15 represented by an area N A defined by 
the spreading angle of its directional characteristic on the surface of the sphere. Hence, their energy ratio 
35 N A /Nu takes a value sufficiently smaller than one. Now, assume that the amounts of speech energy S A and 
Su applied to the directional microphone 15 and the omnidirectional microphone 16 take the same vaJue S, 
and let the gains of the amplifiers 21 A and 21 U be represented by G A and Gu. respectively. By setting that 
a value G A N A is nearly equal to a value GuNy, noise is substantially canceled by the noise suppressor 
circuit 2 but the speech signal level at the output of the noise suppressor circuit 23 becomes G A S- 
40 GuS-G A S(1-N A /Nu),since the energy ratio N A /Nu is sufficiently smaller than one, the speech level is nearly 
equal to G A S-this indicates that a speech signal in the air-conduction sound signal can effectively extracted 
therefrom ideally. The noise suppressing effect that could be achieved by the directional microphone 15, 
the omnidirectional microphone 16 and the noise suppressing part 20N actually used was typically in the 
range of 3 to 10 dB. 

45 In Fig. 2 the bone-conduction sound signal and the air-conduction sound signal, which have their 
frequency characteristics equalized by the low-pass filter 22B and the high-pass filter 22A, respectively, are 
applied to the comparison/control circuit 24, wherein their levels V B and V A are compared with predeter- 
mined reference levels V RB and V RA , respectively. Based on the results of comparison, the compari- 
son/control circuit 24 controls losses L B and L A of variable loss circuits 25B and 25A, thereby controlling the 
so levels of the bone- and air-conducted sound signals. A mixer circuit 26 mixes the bone-conducted sound 
signal and the air-conducted sound signal having passed through the variable loss circuits 25B and 25A. 
The thus mixed signal is provided as a speech sending signal St to a speech sending signal output terminal 
20T via a variable loss circuit 29T. A comparison/control circuit 28 compares the level of a speech receiving 
signal S R and the level of the speech sending signal S T with predetermined reference levels V RR and 
55 V RT ,respectively, and, based on the results of comparison, controls the losses of variable loss circuits 29T 
and 29R, thereby controlling the levels of the speech sending signal and the speech receiving signal to 
suppress an echo or howling. The speech receiving signal from the variable loss circuit 29R is amplified by 
an amplifier 27 to an appropriate level and then applied to the receiver 17 via the terminal T c . 
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Fia 4 is a table for explaining the control operations of the comparison/control circuit 24 in Fig 2. The 
comX^c^ 24 compares the output .eve. V B of the .ow-pass fitter 22B and 

4 *L hioh n*** filter 22A with the predetermined reference levels V RB and Vra, respectively, ana 

££■ SSoLid sound sign,,* are pcsen. («hi» circles) o, absem (a°«» . 

case 11 and frictional sounds by the lead wires 18 and the human body or clotting. State 3 nd.cates a 
sXe n which he air-conducted sound signal is present but the bone-conducted sound s.gnal .s absent 
Sfis a ate in wnch no spe ech signal is being sent and that noise component of the amb.ent sound 
picked up Ty the dTreSiona. microphone 15 which has not been canceled by the noise suppressor c.rcu, 23 

5 being outputted. State 4 indicates a state in which neither of the bone-and air-conducted «™^»*" 
™? Tat is a state in which no speech signal is being sent and no no.se .s present. The control 
SSLTiSiSt 5» right-hand' columns of the F* 4 table show the 

comparison/control circuit 24 performs with respect to the var.able loss c.rcu,ts 25B and 25A m accordance 

of this embodiment of the above construct. When a 
user oflhis ^nsmS-receiver utters a vocal sound with the ear-piece type acoustic transduc.ng part 10 of 
Rg Z o hi o^r ear. the vibration of the skull as well as aerial vibration are created by the nMo. 
o Uhe voca° chords. The vibration of the skull is picked up as a bone-conducted sound s.gna. by the bone- 
rlnriucted sound pickup microphone 14, from which the signal is provided via the termmal T B to the 
r P .if^21 V£Z£21Z of the speech is picked up by the directional microphone 15, from wh.ch 
S anal Ms provided as an air-conducted sound signal to the amplifier 21 A v.a the termmal T A . 

I 9 e era as compared with the air-conducted sound, the bone-conducted sound has many low- 
freqenfy components, makes less contribution to articulation and contains « . -njtor qu- 
f equency components which are important for the expression of consonants On the other hand abnormal 
sounds such as wind noise by the wind blowing against the case 11 and fnctional sound between the co ds 
Zd wiresns and the human body or clothing are present in lower and higher frequency bands than the 

22A and 22B - such wind noise and frictiona ' s r ds ^ n ?rfi S n o 9 f 

factors to the S C k G f articulation of the speech sending sound by the bone conduction and the formation of 
abno mS sounds On the other hand, "speech" passes through the sound pickup tube 13 and ,s p.cked up 
ound signa. by the'directiona. microphone 15. from which it is applied ito he j^ 
21 A via the terminal T A . The air-conducted sound by a talker's speech is a human vo,ce .tse.f. and hence 
contains freauencv components spanning low and high frequency bands. A _,^ 
^ iSment as described in the afore-mentioned Japanese Utility Model Reg.strat.on Apphca- 
tion ufd OprGaTette the high-frequency components of the bone-conducted -und from^ 
21 B are removed by the low-pass filter 22B to extract the low-frequency components alone and th.s bone 
conduced sound signal thus cut out therefrom the high-frequency components .s m.xed wrth an a.r- 
conducted sound signal having cut out therefrom the low-frequency components by the h.gh-pass titter 22A 
Bv this ^speech sending signal is generated which has compensated for the degradation of the art.culat.on 
which woutd i ^caused by the .ack'of the high-frequency components when the speech send.ng s.gna l.s 
^moored only of the bone-conducted sound signal. Besides, according to the present .nvention, he 
prcessfng the generation of such a speech sending signal is automatical* controlled to be ^optima m 
accordance with each of the states shown in Fig. 4, by which it is possible to generate a speech sending 
sSSf 71* Toes^ tone quality on the basis of time-varying ambient noise and the speech transm.tt.ng- 

reCe TTe 9 noS' levels at the directional microphone 15 and the omnidirectional microphone 16 can be 
reqalded as aboTthe same level as referred to previously; but. because of a difference .n the.r d,rect.onal 
Svit^ha^eristlc, the directional microphone 15 picked up a smaller amount of no.se energy than 
aoeste omnidirectional microphone 16, and hence provides a higher SN ratio. S,nce the gam ^rt Gy 
of the amplifiers 21 A and 21 U are predetermined so that their output noise levels become nearly equal to 
each oS 2 mentioned previously the gain Ga of the amplifier 21 A is kept sufficiently larger than the gam 
Z of the amplifier 21U. Hence, the user's speech signa. is amplified by the ampl.f.er 21A w.th the .arge 
gain G A and takes a level higher than the noise signal level. 
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(°) The comparison/control circuit 24 compares, at regular time intervals (1 sec, for instance), the outputs 

W from the low-pass filter 22B (for the bone-conducted sound) and the high-pass filter 22A (for the air- 

conducted sound) with the reference levels V RB andV RA , respectively, to perform such control operations as 
shown .n F.g. 4. At first, the characteristic of the transmitter-receiver of the present invention immediately 
s after its assembling is adjusted (or initialized) by setting the losses L B and L A of the variable loss circuits 
25B and 25A to initial values L M and L A0 so that the level of the air-conducted sound signal to be input into 
the mixer 26 is higher than the level of the bone-conducted sound signal by 3 to 10 dB when no noise is 
present (State 4 in Fig. 4). The reason for this is that it is preferable in terms of articulation that the air- 
conducted sound be larger than the air-conducted one under circumstances where no noise is present 

Next, a description will be given of the actual state of use in which the levels of the bone- and air- 
conducted sound signals vary every moment. 

(a) When the output (the bone-conducted sound signal) from the low-pass filter 22B is not present 
(State 3 or 4 in Fig. 4): 

The comparison/control circuit 23 compares the output level V A of the high-pass filter 22A with the 
reference level V RA . When the output from the high-pass filter 22A is smaller than the reference level - 
(State 4), the comparison/control circuit 23 decides that noise is not present or small and that no talks are 
being carried out and sets the losses of the variable loss circuits 25B and 25A to the afore-mentioned initial 
values L B0 and L A0 , respectively. When this state changes to the talking state (State 1), a mixture of the 
bone-conducted sound signal composed of low-frequency components and the air-conducted sound signal 
composed of high-frequency components is provided as the speech sending signal S T at the output of the 
mixer circuit 26. 

Next, when the output level V B of the low-pass filter 22B is smaller than the reference level V RB and the 
output level V A of the high-pass filter 22A is larger than the reference level V RA (State 3). the compari- 
son/control circuit 23 decides that no talks are being carried out and that ambient noise is large. In this 
.ns ance the comparison/control circuit 23 applies a control signal C A to the variable loss circuit 25A to set 
its loss L A to a value larger than the initial value U in proportion to the difference between the output level 
Va of the high-pass filter 22A and the reference level value V RA as expressed by such an equation as 
follows: 



20 
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30 



L A = TCVa-Vra) /VmIK + Lao (l) 



where K is a predetermined constant. Alternatively, it is possible to increase the loss L A by a constant K on 
35 a stepwise basis each time the level difference (V A -V RA ) increases by a constant V M , as expressed by the 
following equation. 1 



L A = K (V A - V RA ) + L A0 



(2) 



40 where Txl represents the smallest integer greater than x. 

When the output from the low-pass filter 22B becomes larger than the reference level V RB , that is when 
this State 3 changes to the talking state (State 1), the losses of the variable loss circuits 25A and 25B are 
not changed but are kept at set values in the immediately preceding State 3. By this, the bone-conducted 
sound signal composed of low-frequency components and the air-conducted sound signal of the same level 
45 as or lower than the level of the bone-conducted sound signal and composed of high-frequency compo- 
nents are mixed by the mixer circuit 26 into the speech sending signal Sr. In this case, it is also possible to 
hold the loss of the variable loss circuit 25A unchanged and control the loss of the variable loss circuit 25B 
so that the mixed output level of the mixer circuit 26 takes a predetermined value. 

(b) When the output (the bone-conducted sound signal) level V B of the low-pass filter 22B is larqer than 
so the reference level V RB (State 1 or 2 in Fig. 4): 

The comparison/control circuit 24 checks the output level V A of the high-pass filter 22A and. if it is 
smaller than the reference level V RA (State 2). determines that no talks are being carried out and that the 
/ . bone-conducted sound pickup microphone 14 is picking up abnormal sounds. In such an instance, the 

companson/control circuit 24 applies a control signal C B to the variable loss circuit 25B to set its loss U to 
a value greater than the initial value L M in proportion to the difference between the output level V B of the 
low-pass filter 22B and the reference level V^.as expressed by the following equation. 

Lb = K (V B - V RB ) + Lbo (3) 
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Alternatively, as is the case with the above, the loss L B may be controlled as expressed by the following 
equation. 

L B = r(VB-V RB )/VMlK-rLBO (4) 
When the output level V A of the high-pass filter 22A becomes larger than the reference level that 

ix t ^mn^in/control circuit 24 decides that the state is the talking state, and causes the variable loss 
l^^^^T^S^L set in the state immediately preceding State 1. As a result bone- and 
SS^^£S. * leve.s controlled in accordance with the .osses he.d unchanged are mixed 
hv thP mixer circuit 26 which provides the speech sending signal S T - 
" * cSX the variable loss circuits 29T and 29R and the comparison/contro. circurt 28 are ******* 
« JSTSe aeneration of an echo and howling which result from the coupling of the speech send ng 

system. The ear-piece type acoustic transducing part 10 1 has the fo.lowjng 
Contributing factors to the coupling which leads to the generation of howling. First, when the 
IS ^recSer aSS is applied to a telephone set, a two-wire/four-wire junction at a telephone 

to sneak as an electrical echo into the speech receiving , system 
t™ l>Ttol™e/iL-W«e junction, providing the coupling (sidetone) between the two system. Second a 
sTech reTeivTn^ TSgnal is picked up by the bone-conducted sound pickup microphone 4 or d. ectional 

ZZL in Ms nstance however the cause of the sneaking of the received sound into the speech sending 
systen fis ^TZ ^^Ln but the acoustic coupling between the microphone and the speaker 

thr0 TOs t Droblem could be solved by known techniques such as a method for the suppression of howling in 
outou UevS w of the mixer circuit 26 and the signal level V R at a received speech input terminal 20R and, 
1 nTsp^^aSlng sJ 'and *.<a a predatanninad loaa L T in «ne .adabl. laaa cncu,. 29T 

vtiabSloss Scuit 29R suppressing the sidetone from the speech receiving system. When the output level 
^ZTc^& ^dtoe input level V R at the speech receiving signal input terminal 20R are h.gher 
ZZSZZZSZXZZv* and V RR , respectively, the comparison/contro. c£ui, t28 Jjddjjjh-Jh. 
transmitter-receiver is in a double-talk state, and sets in the variable loss c.rcuits 29T and 29R losses one 
haldThose Z the Ibove^mentioned predetermined values L T and L R . respective*. In this way, speech with 
grfal S r can fe senT to the other party in accordance with the severity of ambient no.se and the 

^c"^^^ described above, a mixture of the bone-conducted sound signal 

£ ratio mSure of the both signa.s is automatically varied with the magnitude of ambient no.se and the 
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^ abnormal sound picked up by the bone-conducted sound pickup microphone. This permits the implementa- 

W tion of a transmitter-receiver which can be used in a high-noise environment, obviates such defects of the 

pnor art as low clarity or articulation and discomfort by abnormal sound, and allows hands-free communica- 

tions. 

s In the embodiment depicted in Figs. 1 and 2, the comparison/control circuit 24 and the variable loss 

circuits 25A and 25B may be dispensed with, and even in such a case, the noise level can be appreciably 
suppressed by the operations of the directional microphone 15, the omnidirectional microphone 14 and the 
amplifiers 21 A and 21 B and the noise suppressing circuit 23 which form the noise suppressing part 20N- 
hence, it is poss.ble to obtain a transmitter-receiver of higher speech quality than in the past. Alternatively' 
ro the omnidirectional microphone 16. the amplifier 21 U and the noise suppressing circuit 23 may be omitted' 
and in th.s case, too, the processing for the generation of the optimum speech sending signal can 
automatically be performed by the operations of the comparison/control circuit 24, the variable loss circuits 
25A and 25B and the mixer circuits 26 in accordance with the states of signals involved 

Next, a detailed description will be given, with reference to Figs. 5 through 9, of a second embodiment 
75 of the transmitter-receiver according to the present invention. 

Fig. 5 illustrates in block form the transmitter-receiver according to the second embodiment of the 
invention. The bone-conducted sound pickup microphone 14, the directional microphone 15 and the 
receiver 17 are provided in such an ear-piece type acoustic transducing part 10 as depicted in Fig 1 In this 
embodiment, the air-conducted sound signal from the directional microphone (the air-conducted sound 
pickup microphone 15 and the bone-conducted sound signal from the bone-conducted sound pickup 
microphone 14 are fed to an air-conducted sound dividing circuit 31 A and a bone-conducted sound dividing 
circuit 31 B via the amplifiers 21 A and 21 B of the transmitting-receiving circuit 20, respectively As is the 
case with F,g. 2. the gains of the amplifiers 21 A and 21 B are preset so that input air-and bone-conducted 
sound signals of a vocal sound uttered in a no-noise environment may have about the same level The air- 
conducted sound dividing circuit 31 A divides the air-conducted sound signal from the directional micro- 
phone 15 into first through n-th frequency bands and applies the divided signals to a comparison/control 
circuit 32 and signal select circuits 33i through 33„. The bone-conducted sound dividing circuit 31 B divides 
the bone-conducted sound signal from the bone-conducted sound pickup microphone 14 into first through 
n-th frequency bands and applies the divided signals to the comparison/control circuit 32 and the siqnal 
se ect circuits 33, through 33 n . In the present invention, the air- and bone-conducted sound signals need 
not always be divided (i.e. n = 1), but when divided into frequency bands, they are divided, for example 
every one or one-third octave, or into high and low bands, or high, intermediate and low bands 

A received signal dividing circuit 31 R divides the received signal S R from an external line circuit via the 
input terminal 20R into first through n-th frequency bands and applies the divided signal to the compari- 
son/control circuit 32. In this embodiment, the comparison/control circuit 32 is such one that converts each 
input signal into a digital signal by an A/D converter (not shown), and performs such comparison and control 
operations by a CPU (not shown) as described below. That is, the comparison/control circuit 32 calculates 
an estimated value of the ambient noise level for each frequency band on the basis of the air-conducted 
sound signals of the respective bands from the air-conducted sound dividing circuit 31A the bone- 
conducted sound signals of the respective bands from the bone-conducted sound dividing circuit 31 B and 
the received signals of the respective bands from the received signal dividing circuit 31 R. The compari- 
son/control circuit 32 compares the estimated values of the ambient noise levels with a predetermined 
threshold value (i.e. a reference value for selection) N th and generates control signals C, to C„ for the 
respective bands on the basis of the results of comparison. The control signals C, to C n thus produced are 
applied to the signal select circuits 33, to 33„, respectively. The signal select circuits 33, to 33„ respond to 
the control signals C, to C n to select the air-conducted sound signals input from the air-conducted sound 
dividing circuit 31A or the bone-conducted sound signals from the bone-conducted sound signal dividing 
circuit 31 B. which are provided to a signal combining circuit 34. The signal combining circuit 34 combines 
the input speech signals of the respective frequency bands, taking into account the balance between the 
respective frequency bands, and provides the combines signal to the speech transmitting output terminal 
20T. The output terminal 20T is a terminal which is connected to an external line circuit. 

Fig. 6 is a graph showing, by the solid lines 3A and 3B, a standard or normal relationship between the 
tone quality (evaluated in terms of the SN ratio or subjective evaluation) of the air-conducted sound signal 
picked up by the directional microphone 15 and the ambient noise level and a standard or normal 
55 relationship between the tone quality of the bone-conducted sound signal picked up by the bone-conducted 
sound pickup microphone and the ambient noise level. The ordinate represents the tone quality of the 
sound signals (the SN ratio in the circuit, for instance) and the abscissa the noise level. As indicated by the 
solid line 3A, the tone quality of the air-conducted sound signal picked up by the directional microphone 15 
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is oreatly affected by the ambient noise level; the tone quality is seriously degraded when me ambient 
9reatiy arrecxea oy indi cated by the solid line 3B, the tone quality of the bone- 

g lTo i amplitle,* 21A and^.B and the fradt-nc, « 

Jemain in parallel to the solid Unas 3A and 3B, respaowaly. Th. solKl l.nos 3A and 3B ar. sobstannally 
""tH ralationship botwa.n th. toho qualny of the air-oonducted sound signal by Ih. I «dM 

"^"to switch between the air- and bone-conducted sound signals in accordance with the ambient noise 
.eveMt ^necess^ to Scutate an estimated value of the ambient noise level. Fig. 7 is a graph showing 
b^ the solid line 4BA a standard relationship of the ambient noise level (on the abscissa) to the level ratio 
ton thVo dWte) between an ambient noise signal picked up by the direct.onal m.crophone 15 and an 
imbent no 2 signal by the bone-conducted sound pickup microphone 14 in the hstemng or speech 
Z^^ZSZJL. Fig. 8 is a graph showing, by the solid «ine 5BA, a standard relet 

no se level to the level ratio between a signal (the air-conducted sound s.gnal plus the amb.en 
S?1XK * directional microphone 15 and a signal (the ^^t^ d^ble 

olus the ambient noise signal) by the bone-conducted sound pickup microphone 15 .n the talkmg or double- 
plus the amDieni noi&e &iyi ; y rharacteristic in the listening or silent duration and the 
Z2£S££ SS o 2X^££2£^ eacn other. He 9 nce, the .eve, V A of the air- 
SSSS^^CS^^dlre^ microphone 15. the level V B of ^one-conducted sound 
sSial from tte bone-conducted sound pickup microphone 15 and the level V R of the ^^"^ 
S fmowTer 27 are compared with the reference level values V RA , V RB and V RB , respectively, to determine 
TtoT^ZZrrl^t the listening (or silent) state or in the talking (or doub.e-ta.kmg state. Next 
he feveultio between the bone-conducted sound signal and the air-conducted sound signals p eked 
ur > bv te Aerophones 14 and 15 in the listening or silent state is calculated, and the no.se level at that 
S^te^HmSSSTth. .eve. ratio through uti.ization of the straight line 4BA in Fig. 7. Dependmg upon 
whether the Estimated noise level is higher or lower than the threshold value N th in F,g. 6 the signah £•* 
t ! I ^ each select the bone-conducted sound signal or air-conducted sound s.gnal. Similarly , 
^^^rS^TbS^uctod sound signal and the air-conducted sound signal in the 
tafkila or doublttalking duration is calculated, then the noise level at that time is estimated from the 
SaSt im 5BA iX 8. and the bone-conducted sound signal or air-conducted sound signal ,s similarly 
selected Spending upon whether the estimated noise level is above or below the threshold value N th ^ 

a on of the transmitter-receiver will be described. Incidentally, let .s be assumed that 
there afe oreetored n a memory 32M of the comparison/control circuit 32 the reference level values V RA , 
V and Vrthe tiVeshold value N th and the level ratio vs. noise level relationships shown ,n F.gs.7 and 8. 
Since th^ ll^ZSTm* the received signals divided into the first through n-th frequency bands are 
subjected to ex^y the same processing until they are input into the signa. comb.nmg c-rcuit 34 the 
^XgVon^one frequency band will be described using reference numerals w,th no suffixes 

indiC Tl n cl?ars d on/contro. circuit 32 compares, at regular time interval (of one second for example), the 
' .eve^vrvs and vtof the air-conducted sound signal, the bone-conducted sound s.gnal and .the ^cejved 
Ltanal Input from the air-conducted sound dividing circuit 31 A. the bone-conducted sound d.v.d.ng c.rcu.t 
3 ?B an to deceived signal dividing circuit 31R with the predetermined reference leve, values V RA . V RB and 
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V R r respectively. When the level V R of the received signal S R is higher than the predetermined value V RR 
^ and the level V A of the air-conducted sound signal picked up by the directional microphone 15 and the level 

V B of the bone-conducted sound signal by the bone-conducted sound pickup microphone 14 are smaller 
than the predeterm.ned values V RA and V RB , respectively, the comparison/control circuit 32 determines that 
5 th,s state is the l.sten.ng state shown in the table of Fig. 9. When the level V R of the received signal level V R 
is smaller than the predetermined value V RR and the levels V A and V B of the air-conducted sound signal and 
the bone-conducted sound signal are both smaller than the predetermined values V RA and V RB the circuit 
32 determines that this state is the silent state. In these two states the comparison/control circuit 32 
calculates the level ratio Vb /V a between the air-conducted sound signal from the air-conducted sound 
10 dividing circuit 31A and the bone-conducted sound signal from the bone-conducted sound dividing circuit 
31 B Based on the value of this level ration, the comparison/control circuit 32 refers to the relationship of 

2' T \ m mem0ry * ZM t0 ° btain a " estimated val "e of the corresponding ambient noise level 
When the estimated value of the ambient noise level is smaller than the threshold value N th shown in Fig 6 
the comparison/control circuit 32 supplies the signal select circuit 33 with a control signal C instructing it to 
,S S. !u OUtPUt thS air - conducted sound signal input from the air-conducted sound dividing circuit 31 A 
When the estimated value of the ambient noise level is greater than the threshold value N lh the 
comparison/control circuit 32 applied th control signal C to the signal select circuit 33 to instruct it to select 
and output the bone-conducted sound signal input from the bone-conducted sound dividing circuit 31 B 

On the other hand, when the received signal level V R is smaller than the reference level value V RR and 
20 the levels V A and V B of the air-conducted sound signal by the directional microphone 15 and the bone- 
conducted sound signal by the bone-conducted sound pickup microphone 14 are larger then the predeter- 
mined reference level values V RA and V RB , the comparison/control circuit 32 determines that this state is the 
alking state shown n the table of Fig. 9. When the received signal level V R is larger than the reference 
level value V RR and the levels V A and V B of the air-conducted sound signal and the bone-conducted sound 
25 J?™' *" . large / the P redet «>™ned Terence level values Vra and V RB . the comparison/control circuit 
32 determines hat h.s state is the double-talking state. In these two states the comparison/control circuit 32 
calcu ates the level ratio Vb/V a between the bone-conducted sound signal and the air-conducted sound 
memorr32M St,mateS n ° iS6 ' eVe ' N utilization of the relationship of Fig. 8 stored in the 

so When the thus estimated value of the ambient noise level N is smaller than the threshold value N lh 
shown in Fig. 6, the comparison/control circuit 32 applies the control signal C to the signal select circuit 33 
to cause it to .select .and output the air-conducted sound signal input from the air-conducted sound dividing 
circuit 31 A. When the estimated value N of the ambient noise level is greater than the threshold value N, h 
the circuit 32 appl.es the control signal C to the signal select circuit 33 to cause it to select and output the 
35 bone-conducted sound signal input from the bone-conducted sound dividing circuit 31 B 

. J"e comparison/control circuit 32 has, in the memory 32M for each of the first through n-th frequency 
bands, the predeterm.ned threshold value N th shown in Fig. 6 and the level ratio vs. noise level relationships 

TTTrln St ?K 9ht Characteristic lines 4BA and 5B A shown in Figs. 7 and 8. The comparison/control 
circuit 32 performs he same processing as mentioned above and applies the resulting control signals C, to 
ao C„ to the signal select circuits 33, to 33 n . The signal combining circuit 34 combines the speech signals 
bands S ' 9 C ' rCUitS t0 33 "' takin9 int ° aCCOLmt th6 ba ' anCe betW6en the res Pective frequency 

th T hil t in * he 1 above j the embodiments have been described to estimate and compare the noise level with 

SnI r o ^ 3n , COntr °' the $i9nal S8l6Ct drCUitS 33 ' t0 33 " a ccordingly in any state described in the 
able of Fig 9, it is also poss.ble to employ a scheme that estimates the noise level only in the silent or 
istening state and uses the thus estimated noise level to effect control in the talking state and the double- 
tak,ng state in such an instance, the characteristic data of Fig. 8 need not be stored in the memory 32M In 
contrast to th.s. the estimation of the noise level may be made only in the talking or double-talking state in 

™ ZTL° aS t !l k 6 estimated noise ,evel is used for control in the talking or double-talking state. In this 
so instance, the charactenstic data of Fig. 7 is not needed. 

H..J? Cide r! a " y " t the double - ta,kin 9 Nation and the silent duration are shorter than the talking or listening 

trZZ',^^ T a ' SO * tak6n ° f miS t0 6ffeCt COn,r °' in the d0 "b'e-talking state and in the silent 
state by use of the ambient noise level estimated prior to these states. 

When the level of the bone-conducted sound signal picked up by the bone-conducted sound pickup 
microphone 4 ,s abnormally high, it can be considered that noise is made by the friction of cords or the 
ike; hence, ,t ,s effective to select the air-conducted sound signal picked up by the directional microphone 
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in the case where the estimated noise .eve. N is compared w,th the 
frequency band and the air-conducted sound signal picked up by the directional 

toT f bone-conducted sound signal by the bone-conducted sound pickup microphone 14 on *e baa» tf 
he "esuS of compaTson as described previously with reference to the Fig. 5 embodiment, the *mbre of the 
speech b^n ^ sent may sometimes undergo an abrupt change, making the speech unnaturaJ To solve , th.s 
speech De.ng sent may > indi cated by N~ and N + is provided about the threshold value N, h 

S^S^n^^^^ ; when ^estimated noise' .eve. N is within the area N w , the air- 
coquet iund 7g%toTZ diretfiona. microphone 15 and the bone-conducted sound signa. from the 
bone-ctnduSrsound pickup microphone 14 are mixed in a ratio corresponding to the no.sa level and 
^nthrest mated noise level N is larger than the area N w , the bone-conducted sound s.gnal .s se ec ed, 
« when tres?matTnofse level is smaller than the area N w , the air-conducted sound signal is setected. 
By is it I ^pisTbttoTduce the abrupt change in the timbre prior to or subsequent to the sw.tch.ng 

^^"modification of the F.g. 5 embodiment for such signal processing can be effected by using for 
Tn f mod nca ,on OT a danicted in Fia 10A in place of each of the signal select c.rcuits 33, to 
S a Tthr s S eSmp7^ e 'S^Xlconl^d sound signa. and bone-conducted sound signa, of 
each fr^n' Sd are appliedTo variable .oss circuits 33A and 33B, respectively, where.n ^they are given 
fosses U an ^ set by control signals C A and C B from the comparison/control circu.t 3JThe . both s.gna.s 
ai mlxedtn a mixer 33C and the mixed signal is applied to the signal combin.ng c.rcurt 34 ,n F.g. 5 

The bosses U and U for the air-conducted sound signal and the bone-conducted sound s.gnal ,n the 
area Nw need onfy to Xe determined as shown in Fig. 10B, for instance. For the brevity's sake setting N. 

. /N ? + M-vp the area width to D = N + - N - , the minimum values L A0 and L B0 of the losses U and L B to 
= (N + + N )/2, tne area w.ain iu u . area 

0 dB respectively, and their maximum values Lamax and L B max to the same l MA x ae. me .u* 
Nw can be expressed, for example, by the following equation. 

LA= ^ aAMAX - LA0 ), L ^_ X ' L - A0 CN + N th ) + L A0 



2 N + - N ~ 

30 r 1 N-Nth 



f 1 N-N 
= LMAX ( + D 



(5) 



as Similarly, the loss L B can be expressed by the following equation. 

( 1 N-Nth (( ., 
Lb=Lmax { — 5 ) (6:) 
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The va.ue of the maximum loss L MAX is selected in the range of between 20 and 40 dB and the width D of 
the aria N w is set to about 20 dB. for instance. When the estimated no.se level N .s larger than the area 
n:. e b^ne conducted sound signa. is given any .oss (Lb « 0) and is ^f^^^S^rSt 

EESr so r^rc^ 

circuii ^2 dftermLs the Tosses L A and L B for each band as described and sets the losses .n the vanab.e 
in<^ rircuits 33A and 33B by the control signals C A and C B - 

With such sigL processing as described above, it is possible to provide smooth t,mbre vanatons o 
the Xch being 2nt when the air-conducted sound signa. is switched to the bone-conducted sound signal 
TS^mm Moreover, if the levels of the air-conducted sound signal and the bone-conducted sound 
sanTUuUnto ^variable loss circuits 33A and 33B are nearly equal to each other, the output level of the 

ST S ? held sub— y -™^^ 

ZSiXttE^ ZxsSLT^ bV - sign, se.ect circuits 33, to 33 n in 
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Rg. 5 corresponds to the case where the width D of the area N w is set to zero in the processing in the 
modified embodiment depicted in Figs. 10A and 10B. Hence, it can be said, in a broad sense, that the 
signal select circuits 33, to 33„ also contribute to the mixing of signals on the basis of the estimated noise 
level. 

In the above, when the estimation of the ambient noise level may be rough, it can be estimated by 
using average values of the characteristics shown in Figs. 7 and 8. In this instance, the received signal 
dividing circuit 31 R can be dispensed with. When the estimation of the ambient noise level may be rough, it 
can also be estimated by using only the speech signal from the directional microphone 14. 

Rg. 11 illustrates in block form a modified form of the Fig. 5 embodiment, in which as is the case with 
the first embodiment of Figs. 1 and 2, the omnidirectional microphone 16. the amplifier 21 U and the noise 
suppressing circuit 23 are provided in association with the direction microphone 15 and the output from the 
noise suppressing circuit 23 is fed as an air-conducted sound signal to the air-conducted sound dividing 
circuit 31A. This embodiment is identical in construction with the Rg. 5 embodiment except the above. In 
this embodiment, when the transmitter-receiver is in the silent or listening state, a switch 35 is opened and 
only the air-conducted sound signal provided via the amplifier 21 U from the omnidirectional microphone 16 
is applied to the noise suppressing circuit 23, from which it is fed intact to the air-conducted sound dividing 
circuit 31 A, and the air-conducted sound signals divided into respective frequency bands are applied to the 
comparison/control circuit 32. As in the Fig. 5 embodiment, the comparison/control circuit 32 estimates the 
ambient noise levels through utilization of the relationships shown in Rg. 7 and. based on the estimated 
levels, generate the control signals C, to C„ for signal selection (or mixing use in the case of using the Rg 
10A circuit configuration), which are applied to the signal select circuits 33, to 33 n (or the signal mixing 
circuit 36). After this, the switch 35 is turned ON to pass therethrough the air-conducted sound signal from 
the directional microphone 15 to the noise suppressing circuit 23. in which its noise components are 
suppressed, and then the air-conducted sound signal is fed to the air-conducted sound dividing circuit 31A. 
This is followed by the speech sending signal processing by the same signal selection or mixing as 
described previously with respect to Rg. 5. 

Although in the embodiments of Figs. 5 and 1 1 the comparison/control circuit 32 has been described to 
convert the signals input thereto to digital signals and generate the control signals C, to C n on the basis of 
the level ratio-noise level relationships stored in the memory 32M, the comparison/control circuit 32 may 
also be formed as an analog circuit, for example, as depicted in Fig. 12. In Fig. 12 there is shown in block 
form only a circuit portion corresponding to one of the divided subbands. A pair of corresponding subband 
signals from the air-conducted sound signal dividing circuit 31 A and the bone-conducted sound signal 
dividing circuit 31 B are both applied to a level ratio circuit 32A and a comparison/logic state circuit 32E 
The level ratio circuit 32A calculates the level ratio Lb/L a between the bone- and air-conducted sound 
signals in an analog fashion and supplies level converter circuits 32B and 32C with a signal of a level 
corresponding to the calculated level ratio. 

The level converter circuit 32B performs a level conversion based on the relationship shown in Fig 7 
That is. when supplied with the level ratio Vb/V a , the level converter circuit 32B outputs an estimated noise 
level N corresponding thereto and provides it to a select circuit 32D. Similarly, the level converter circuit 
32C performs a level conversion based on the relationship shown in Rg. 8. That is, when supplied with the 
level ratio Vb/V a , the level converter circuit 32C outputs an estimated noise level corresponding thereto and 
provides it to the select circuit 32D. On the other hand, the comparison/state logic circuit 32E compares the 
levels of the conesponding air- and bone-conducted sound signals of the same subband and the level of 
the received speech signal with the reference levels V RA , V RB and V RB . respectively, to make a check to see 
if these signals are present. Based on the results of these checks, the comparison/state logic circuit 32E 
applies a select control signal to the select circuit 32D to cause it to select the output from the level 
converter circuit 32B in the case of State 1 or 2 shown in the table of Fig. 9 and the output from the level 
converter circuit 32C in the case of State 3 or 4. 

The select circuit 32D supplies a comparator circuit 32F with the estimated noise level N selected in 
response to the select control signal. The comparator circuit 32F compares the estimated noise level N with 
the threshold level IM, h and provides the result of the comparison, as a control signal C for the subband 
concerned, to the corresponding one of the signal select circuits 31, to 31 „ in Fig. 5 or 11. In this instance, 
it is also possible to make a check to determine if the estimated noise level N is within the area N w or high 
or lower than it as described previously with respect to Rg. 10B, instead of comparing the estimated noise 
level N with the threshold value N, h ; if the estimated noise level N is within the area N w . the control signals 
C A and C B corresponding to the difference between the estimated noise level N and the threshold level N,„. 
as is the case with Eqs. (5) and (6). are applied to the signal mixing circuit of the Rg. 10A configuration to 
cause it to mix the air-conducted sound signal and the bone-conducted sound signal; when the estimated 
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■ i gi u |e hiaher than the area N w , the bone-conducted sound signal is selected and when the 
^arno^r^an the , i. Nw the - * a 

As described above, according to the ^^^^f'^^^^l^ne and the bone-conducted 
and 11, the air-conducted sound signal pu* ed I up by - *e aVect «^S!StX ambient noise level 
sound signal by the bone-conducted sound pickup the air-conducted sound 

and, on the basis of the magnitude of the ? a ^. n ^r^- 1 ^^^ mixed together, whereby 
signal and the bone-conducted sound signal .s se.ecte .or bo tt al * communication device of the 
a speech sending signal of the best tone quahty ^^TJl^^X. P recise, V refleCtin9 

srsrsis s =s is in 1 ta,kin9 or ,istening 



state. 



T5 



While in the first and second embodiments the ^^^^^^^^^ 

aCO T::T£*eX™y modifications and variations may be effected without departing from the 
scope of the novel concepts of the present invention. 
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Claims 

and outputs a speech sending signal; and 

means for supplying said received speech signal to sa,d receiver. 

2 . The transmtter-receiver of claim 1. wherein said »^ 

tiona. microphone m £ ophone 

^- pass fi,ter with said noise component 

suppressed output. 

CU,0 "T"^p.es sl r, 9 pa- «** combines « outputs « said dirscaona, aticsoplton. and said 
" ° m ?™^" ^ -^sTs^ - -Posa _ K in 
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and outputs a speech sending signal; and 

means for supplying said received speech signal to said receiver. 

4. The transmitter-receiver of claim 1 or 3, which further comprises: third and fourth variable loss circuits 
connected to the output side of said combining circuit and the input side of said received speech signal 
supplying means, for controlling the levels of said speech sending signal and said received speech 
signal, respectively; and a second comparison/control circuit which compares the level of said speech 
sending signal to be fed to said third variable loss circuit and the level of said received speech signal to 
be fed to said fourth variable loss circuit with predetermined third and fourth reference levels, 
respectively, and on the basis of the results of comparison, controls the losses that are set in said third 
and fourth variable loss circuits. 

5. The transmitter-receiver of claim 2 or 3, wherein said noise suppressing part comprises: a first amplifier 
for amplifying said air-conducted sound signal from said directional microphone; a second amplifier for 
amplifying said noise components from said omnidirectional microphone; and a noise suppressor circuit 
which adds together the outputs from said first and second amplifiers in a 180- out-of-phase relation to 
each other to generate an air-conducted sound signal with said noise components suppressed and 
applies it to said high-pass filter. 

20 6. A transmitter-receiver comprising: 

acoustic transducing means composed of a bone-conducted sound pickup microphone for picking 
up a one-conducted sound and for outputting a bone-conducted sound signal, air-conducted sound 
pickup microphone means for picking up an air-conducted sound and for outputting an air-conducted 
sound signal, and a receiver for transducing a received speech signal to a received speech sound; 

25 comparison/control means which estimates the level of ambient noise, compares said estimated 

level with a predetermined threshold level and generates a control signal on the basis of the results of 
comparison; and 

speech sending signal generating means which responds to said control signal to mix said air- 
conducted sound signal from said air-conducted sound pickup microphone means and said bone- 
conducted sound signal from said bone-conducted sound pickup microphone to generate a speech 
sending signal. 



30 



7. The transmitter-receiver of claim 6, wherein said comparison/control means generates, as said control 
signal, a signal indicating whether said estimated noise level is higher or lower than said threshold 
35 level; said speech sending signal generating means includes signal select means responsive to said 
control means to select either one of said bone-conducted sound signal and said air-conducted sound 
signal; and said speech sending signal generating means generates said speech sending signal from 
said selected signal. 

ao a The transmitter-receiver of claim 6. wherein said comparison/control means is a means which, when 
said estimated noise level is within an area of a fixed width defined about said threshold level, supplies 
said speech sending signal generating means with a control signal for mixing said air-conducted sound 
signal and said bone-conducted sound signal at a ratio corresponding to said estimated noise level* and 
said speech sending signal generating means includes a means responsive to said control signal to mix 

45 said air-conducted sound signal and said bone-conducted sound signal at said ratio. 

9. The transmitter-receiver of claim 6, 7, or 8, wherein said comparison/control means includes means for 
holding a relationship between the ambient noise level and at least the level of said air-conducted 
sound signal in non-talking states; and said comparison/control means is a means which obtains, as 
said estimated noise level, a noise level corresponding to the level of the air-conducted sound signal 
during the use of said transmitter-receiver based on said relationship, compares said estimated noise 
level with said threshold value and generates said control signal on the basis of the result of 
comparison. 

10. The transmitter-receiver of claim 9, wherein said relationship is the relationship between the ambient 
no.se level and the level ratio of said bone-conducted sound signal versus said air-conducted sound 
signal; and said comparison/control means includes means which obtains a level ratio between said 
bone-conducted sound signal and said air-conducted sound signal and obtains the noise level 
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corresponding to said level ratio, as said estimated noise level, from said relationship. 

* r 7 or ft wherein said comparison/control means includes means for 
11. The transmitter-receiver of claim 6, 7 or 8 wherein s ™ cwnpa air -conducted sound 

holding a relationship between the amb.ent no.se leve and I at jeast the level of the a. 

to said level ratio, as said estimated noise level, from said relationship. 

to said level ratio from either one of said first and second relationsh.ps. 

* r 7 nr ft which further comprises first and second signal dividing 

15. The l*5£E£dZ** signal and said bone-conducted sound 

resholdTaS p^rmted for saidp.ura.ity of frequency bands, respective*, and generates band 
control signals on the basis of the results of comparison. 

• , ^i=.; m m whprein said comparison/control means includes means for 

H 2d generates said band control signal of said each frequency band on the 
basis of the result of comparison. 
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17. The transmitter-receiver of claim 16, wherein said relationship is the relationship between the ambient 
noise level and the level ratio of said bone-conducted sound signal versus said air-conducted sound 
signal in each frequency band in non-talking states; and said comparison/control means includes 
means which obtains a level ratio between said bone-conducted sound signal and said air-conducted 
sound signal in each frequency band and obtains the noise level corresponding to said level ratio, as 
said estimated noise level of said each frequency band, from said relationship. 

18. The transmitter-receiver of claim 15, wherein said comparison/control means includes means for 
holding a relationship between ambient noise levels in said plurality of frequency bands and at least 
levels of said air-conducted sound signals of the corresponding frequency bands in talking states- and 
said comparison/control means is a means which obtains, as said estimated noise level of each 
frequency band, a noise level corresponding to the level of the air-conducted sound signal during the 
use of said transmitter-receiver based on said relationship, compares said estimated noise level with 
said threshold value, and generates said band control signal of said each frequency band on the basis 

15 of the result of comparison. 

19. The transmitter-receiver of claim 18, wherein said relationship is the relationship between the ambient 
no.se level and the level ratio of said bone-conducted sound signal versus said air-conducted sound 
signal for each frequency band in said talking state; and said comparison/control means includes 
means which obtains a level ratio between said bone-conducted sound signal and said air-conducted 
sound signal for each frequency band, and obtains the noise level corresponding to said level ratio as 
said estimated noise level of said each frequency band, from said relationship. 

20. The transmitter-receiver assembly of claim 15. wherein said comparison/control means includes means 
for holding a first relationship between the ambient noise level and at least the level of said air- 
conducted sound signal in each corresponding frequency band in non-talking states and a second 
relationship between the ambient noise level and at least the level of said air-conducted sound signal in 
said talking state; and said comparison/control means is a means which compares the level of said 
received speech signal and at least either one of the level of said air-conducted sound signal and the 
level of said bone-conducted sound signal in each frequency band with predetermined first and second 
reference level values, respectively, for said frequency band to determine if said transmitter-receiver is 
in said talking or listening state, and on the basis of said first or second relationship corresponding to 
the result of determination, obtains, as said estimated noise level, a noise level corresponding to at 
least the level of said air-conducted sound signal, compares said estimated noise level with said 
threshold value, and generates said control signal of said each frequency band on the basis of the 
result of comparison. 

The transmitter-receiver of claim 20, wherein said first and second relationships for each frequency 
band between the ambient noise level and the level ratio of said bone-conducted sound signal versus 
said air-conducted sound signal in said non-talking state and in said talking state, respectively; and said 
comparison/control means includes means which obtains the level ratio between said bone-conducted 
sound signal and said air-conducted sound signal for each frequency band and obtains the estimated 
noise level corresponding to said level ratio from either one of said first and second relationships. 

; 22. The transmitter-receiver of claim 6, 7, or 8. which further includes a directional microphone and an 
omnidirectional microphone as said air-conducted sound pickup microphone and noise suppressing 
means, said no.se suppressing means being a means which, during a silent state and a listening state 
outputs a s.gnal from said omnidirectional microphone as said air-conducted sound signal representing 
a no.se signal and, during said talking state, combines signals from said directional microphone and 
said omnidirectional microphone and outputs said combined signal as said air-conducted sound signal 
with noise suppressed. 
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(54) Transmitter-receiver having ear-piece type acoustic transducing part 



(57) Ear-piece type acoustic transducing part is pro- 
vided with a bone-conducted sound pickup microphone 
for picking up a bone-conducted sound, a directional 
microphone for picking up an air-conducted sound and 
an electro-acoustic transducer for transducing a 
received speech signal to a received speech sound. A 
transmitting-receiving circuit connected to the acoustic 
transducing part includes: a low-pass filter which per- 
mits the passage therethrough of low-frequency compo- 
nents in a bone-conducted sound signal from the bone- 
conducted sound pickup microphone; a high-pass filter 
which permits the passage therethrough of high-fre- 
quency components in an air-conducted sound signal 
from the directional microphone; first and second varia- 
ble loss circuits which impart losses to the outputs from 
the low-pass fitter and the high-pass filter, respectively; 
a comparison/control circuit which compares the output 
levels of the low-pass filter and the high-pass filter with 
predetermined first and second reference levels, 
respectively, and based on the results of comparison, 
controls losses that are set in the first and second vari- 
able loss circuits; and a combining circuit which com- 
bines the outputs from the first and second variable loss 
circuits into a speech sending signal. 
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